Purpose: Cancer mortality is relatively high in the elderly population. Folate receptorpositive circulating tumor cell (FR+CTC) has proven an effective biomarker for diagnosis of lung cancer and bladder cancer and may be suitable for other cancer types accompanied with a high expression of FR. To date, the diagnostic efficiency of FR+CTC in the elderly population has not been systematically studied. Herein, we sought to investigate the utility of FR+CTC in cancer diagnosis in the elderly population and the influence of comorbidities on FR+CTC levels in such a population.
Introduction
Cancer mortality is relatively high in the elderly population due at least in part to usually late diagnosis and the presence of comorbidities. 1 Elderly cancers are usually identified at late stage where treatment outcome is poor and survival rate is low. 2 Hence, the earlydiagnosis of elderly cancer has the possibility of prolonging lifespan. Further, elderly patients typically suffer from poor performance status and cannot withstand more radical or invasive diagnosis, which underscores the need for a more sensitive and reliable noninvasive diagnostic method for cancer in the elderly population. Recent studies have suggested that the vascular invasion of tumor cells may happen as early as at the precancerous stage, leading to the release of circulating tumor cells (CTCs) into the circulatory system. 3, 4 In the last decade, technology advancements have enabled reliable detection of CTCs in routine clinical practice. 5 CTCs, as a liquid biopsy approach, possess a great potential in assisting cancer management. 6 Compared with bone marrow or lymph nodes, peripheral blood specimens are easy to obtain, less invasive, and can be repeatedly taken, which makes CTC an ideal specimen for routine clinical assessment. Folate receptor (FR), a membrane glycoprotein that shows a high positivity in a range of cancer types, has emerged as a potential drug target for lung cancers. 7 In the peripheral blood, only a few FR-expressing cells are present, including CTCs and a rare subtype of activated monocytes which are seldom detected in nonmalignant individuals (note that the α-isoform of FR which is the target of the CTC detection platform used in our study is absent from all hematopoietic cells). 8, 9 In contrast, FR expression was reported to be upregulated in over 75% of non-small cell lung cancer. 10 Thus, FR is theoretically an effective target for labeling CTCs, especially for lung cancers. Several studies had demonstrated the diagnostic efficiency of folate receptor-positive CTCs (FR+CTC) in lung cancers and bladder cancers, as well as for predicting patient's prognosis and chemotherapy sensitivity in smallcell lung cancer. [11] [12] [13] [14] [15] [16] The related FR+CTC detection kit has been approved by the CFDA for clinical use. For lung cancer diagnosis, the sensitivity and specificity of FR +CTC were reported to be 72.5-81.8% and 82.4-93.2%, respectively. 11-14 FR+CTC may also be suitable for other cancer types such as pancreatic cancer, breast cancer, ovarian cancer, and so on, which are accompanied by a high expression of FR. 17, 18 To date, the utility of FR+CTC in the elderly cancer population has not been systematically studied. Herein, we sought to explore the feasibility of applying FR+CTC in cancer diagnosis in the elderly population and the influence of comorbidities on FR+CTC levels. Building on those previous studies, [11] [12] [13] [14] [15] [16] we conducted this singlecenter, cross-sectional clinical trial.
Material and methods

Study design
From September 2017 to June 2018, 75 subjects aged between 80 and 110 were enrolled in this clinical trial conducted at China-Japan Friendship Hospital. In the study cohort, 35 patients were diagnosed with cancers (lung cancers, colorectal cancers, prostate cancers, pancreatic cancer, and lymphoma) and the other 40 were noncancer participants and had no cancer history. Cancer patients did not undergo any anticancer therapy before sample collection. The diagnosis of cancer was based on pathologic assessment, computed tomography (CT) imaging features, and clinical laboratory test. Major comorbidities included respiratory diseases (pneumonia, bronchitis, and chronic obstructive pulmonary disease), cardiovascular diseases (coronary heart diseases, heart failure, and hypertension), diabetes, and cerebral infarction. The exclusion criteria included: 1) patients with white blood cell count >1.2×10 7 /mL or <2×10 6 /mL (as extreme white blood cell count could affect the enumeration of CTCs); 2) patients who took folic acid tablets long term stopped taking <3 days (as high folic acid concentration has reported lowering the expression of FR). 19 The clinical trial has been approved by the Research Ethics Committee of China-Japan Friendship Hospital and was carried out in accordance with the principles of the Declaration of Helsinki. All patients provided written informed consent before inclusion into this study.
Demographic information (gender and age) and clinical factors (cancer, cardiovascular disease, diabetes, respiratory disease, and so on) were collected after admission. All participants were required to fast overnight before blood collection.
CTC enrichment and labeling
FR+CTC analysis was performed using CytoploRare® kit provided by GenoSaber Biotech Co. Ltd. (Nantong, China).
14 Three milliliters of whole blood sample was collected into anticoagulant tubes from each participating subject before treatment. Samples were stored at 4-8°C and analyzed within 24 hrs. According to the manufacturer's instruction, CTCs were negatively enriched where erythrocytes were lyzed by lysis buffer and leukocytes were depleted using anti-CD45 immunomagnetic beads. Next, CTCs were incubated with a proprietary probe which consists of conjugates of a folic acid and a synthesized oligonucleotide. Then, the unbound probes were washed off. The bound probes were removed with stripping buffer and collected by centrifugation and neutralized.
FR+CTC quantification
FR+CTC was quantified by qPCR analysis. 14 First, the probe was annealed and extended before amplification. Then, the extended probe was analyzed using a Taqman probe on ABI StepOne TM system (ThermoFisher, Samples from each patient were tested in duplicates with 6 standards and 3 quality controls. 
Tumor biomarker tests
Routine blood examinations
The routine blood examinations, plasma B-type natriuretic peptide (BNP) levels, and biochemical markers were tested with an automatic clinical chemistry analyzer (Sysmex, Beckman DXL800 and SIEMENS ADVIA2400, Hyogo, Japan).
Statistical analysis
Statistical analysis was performed using SPSS 18.0 software (SPSS Inc., Chicago, IL, USA) and Prism 5.0 (GraphPad Software Inc., San Diego, CA, USA). Wilcoxon test, Mann-Whitney test, and Kruskal-Wallis test were used for comparison between groups, as appropriate. P<0.05 was considered to indicate a statistically significant difference. Receiver operating characteristic (ROC) curve was used to examine the diagnostic efficiency, revealed by the area under the ROC curves (AUC). Youden index was used to determine the optimal cutoff threshold. Logistic regression was used to establish a joint diagnostic model of different biomarkers for cancer diagnosis. Pearson's correlation was used to analyze the association between FR+CTC levels and clinical factors.
Results
Patients' characteristics
Seventy-five participants were recruited into this singlecenter clinical trial, in which 23 patients had lung cancers, 8 patients had colorectal cancers, 2 patients had prostate cancers, 1 patient had pancreatic cancer, and 1 patient had lymphoma. The remaining 40 noncancer participants served as controls. The clinical characteristics of the participants are presented in Table 1 . Patient demographics were similar for the cancer and the noncancer groups.
FR+CTC levels in elderly population
We compared the FR+CTC levels between patients with lung cancers, colorectal cancers, all cancers, and noncancer participants ( Figure 1 ). As shown in Table 1 , the FR+CTC levels in lung cancer patients (median 14.1 CTC U/3 mL) were significantly higher than that of noncancer participants (median 9.2 CTC U/3 mL, P<0.0001). Similarly, the FR+CTC levels in colorectal cancer patients (median 18.8 CTC U/3 mL, P<0.0001) and all cancer patients (median 14.3 CTC U/ 3 mL, P<0.0001) were significantly higher than that of noncancer participants.
Diagnostic value of FR+CTCs
The results of ROC analysis are shown in Table 2 . The AUC of FR+CTCs in differentiating lung cancers from noncancer participants was 0.7810 (95% CI: 0.6605-0.9015, Figure 2A ). According to the Youden index, 10.0 CTC U/3 mL was the optimal cutoff threshold for lung cancer diagnosis, possessing a sensitivity of 95.7% and a specificity of 65.0%. For colorectal cancer, the AUC for FR+CTCs was 0.7641 (95% CI: 0.5596-0.9685, Figure 2B ). With 17.0 CTC U/3 mL as the cutoff threshold, the sensitivity and specificity were 62.5% and 85.0%, respectively.
When all cancer patients were considered in the analysis, the AUC for FR+CTCs was 0.7507 (95% CI: 0.6367-0.8647, Figure 2C ). With 10.0 CTC U/3 mL as the cutoff threshold, the sensitivity and specificity were 85.7% and 65.0%, respectively.
Comparison of the diagnostic value between FR+CTC and tumor biomarkers
Compared to routine tumor biomarkers (CA125, CA199, CEA, CYFRA21-1, CA724, and NSE), the FR+CTC levels exhibited the best performance, in terms of AUC, in differentiating patients with lung cancer and colorectal cancer from noncancer participants (Table 2) . Meanwhile, for differentiating cancers from noncancer participants, FR+CTC showed a similar AUC to NSE ( Table 2 ). The diagnostic efficiency (in terms of AUC) further enhanced when FR+CTC was combined with CA125, CYFRA21-1, and NSE (Table 3, Figure 3 ). These results suggested that a comprehensive analysis of several biomarkers could significantly improve cancer diagnosis.
Clinical factors associated with FR+CTC levels
Comorbidities commonly found in the elderly population including diabetes, cardiovascular diseases (coronary heart disease, hypertension, heart failure, arrhythmia, and dyslipidemia), respiratory diseases (pulmonary infection, chronic obstructive pulmonary disease, asthma, and pulmonary interstitial fibrosis), and cerebral infarction and clinical factors including blood routine examination, BNP, and liver/kidney functions were not significantly associated with FR+CTC levels (P>0.05, Table 4 ), except for β2-microglobulin. Participants with a normal β2-microglobulin level showed a significantly lower FR+CTC level compared to those with β2-microglobulin level >3 mg/mL (P=0.0045). In addition, participants with diabetes and normal albumin level showed a trend of lower FR+CTC levels compared to those without diabetes and albumin level <35 g/L, but the differences were not statistically significant (P=0.0631 and 0.0645, respectively). In agreement with previous reports, 11-14 metastatic cancer patients (n=19) also showed a trend of higher FR +CTC levels compared to nonmetastatic cancer patients (n=16). The difference was not statistically significant (15.1 vs 13.0 CTC U/3 mL, P=0.9868), probably due to the small sample size. Next, Pearson's correlation analysis was carried out to further examine the correlation between those clinical factors with FR+CTC level. Results demonstrated that none of the above-mentioned factors were correlated with the FR+CTC level (P>0.05), except for cancer (Pearson's coefficient=0.431, P<0.001, Table 5 ). In addition, total protein level and β2-microglobulin level showed a slight correlation with FR +CTC level, but the correlations were not statistically significant (P=0.080 and 0.071, respectively).
Discussion
In the current study, the FR+CTC level was slightly higher compared to previous studies.
11 -16 The median FR+CTC levels in cancer patients and noncancer participants were 14.3 and 9.2 CTC U/3 mL, respectively. A possible explanation is that long-term folate deficiency in the elderly population leads to the overexpression of FR in cancer tissues, which subsequently prompts the increase in FR+CTC levels. 19, 20 In addition, the decrease in CD45 expression in leukocytes of the elderly population may cause the incomplete depletion of leukocytes during the negative enrichment process, 21 resulting in a relative increase in FR+CTC levels due to nonspecific binding of the ligand-oligonucleotide conjugates to leukocytes. Nevertheless, the diagnostic efficiency was not affected in the elderly population. In ROC analysis, the AUC of FR Notes: CYFRA21-1, CA724, and NSE tests had not performed for the lymphoma patient; thus, this patient was excluded from this analysis. Abbreviation: FR+CTC, folate receptor-positive circulating tumor cell; AUC, area uner the curve; CI, confidence interval; CA, carbohydrate antigen; CYFRA21-1, cytokeratin 19 fragment antigen; NSE, neuron-specific enolase.
+CTC was the highest compared to other tumor biomarkers in the diagnosis of lung cancer and colorectal cancer. Similar to the previous studies, 11, 13 combining FR+CTC with established tumor biomarkers further improved the diagnostic efficiency in terms of AUC. We also observed a higher FR+CTC level in colorectal cancers (median=18.8 CTC U/3 mL) compared to other cancer types. This is in concordance with two previous studies using microfluidic techniques to isolate CTCs in colorectal cancers. 22, 23 According to a study in Spain, the mortality rate of very old patients (≥90 years) is double that of the younger elderly. 24 Cancer is one of the major complications in the elderly population that increased the mortality rate (odds ratio: 1.60). Although elderly patients bear higher risk in surgical treatment, a significant portion of them show a long-term survival. 2 Earlier detection of cancer can benefit elderly patients from early treatment of localized cancer compared to advanced stages. 25 Moreover, the elderly population has a higher prevalence of other diseases, approximately 80% of them having three or more chronic conditions. 26 Although the performance status of these patients is poor, detection of cancer could help manage such patients through introducing palliative care as required and assist in clinical decision-making. Comorbidity was reported to associate with increased overall mortality in elderly cancer patients, especially for colorectal and lung cancer which was found to have an increased comorbidity burden. 27 To explore the influence of these comorbidities to the FR+CTC enumeration, we compared the FR+CTC levels of patients with certain comorbidity to that without comorbidity. The correlation of FR+CTC levels with clinical factors such as blood routine examination, BNP, and liver/kidney functions was also analyzed. Our results demonstrated that the FR+CTC levels were not associated with these comorbidities and clinical factors (P>0.05 according to Pearson's correlation analysis). Hence, the diagnostic efficiency of FR+CTC would not be affected by the presence of comorbidities or other clinical abnormalities in the elderly population. Notably, some clinical factors indeed showed a slight correlation with the FR+CTC level. The level of β2-microglobin showed weak positive correlation with the FR+CTC level. β2-microglobulin level was reported to be increased in various types of cancers, possibly due to the active synthesis and increased cell breakdown of the tumor cells. 28, 29 As the presence of cancer is strongly associated with the FR+CTC level, β2-microglobulin level is indirectly associated with the FR+CTC level. For the level of albumin and total protein, a weak negative correlation with the FR +CTC level was observed. This could be explained by the poor nutrition status of cancer patients. Indeed, this is in agreement with a previous study from Samanta et al which suggested that cancer patients had a significantly lower level of albumin and total protein. 30 To the best of our knowledge, there is yet no research reporting the expression pattern of FR+CTC in elderly cancer patients. The ligand-targeted PCR-based detection of FR+CTC as a tumor marker is a fairly innovative way to diagnose cancer in the elderly population. To further Figure 3 Diagnostic value of FR+CTC combined with tumor marker. ROC curve for FR+CTC combined with tumor marker in discriminating noncancer participants from patients with (A) lung cancers and (B) all cancers. CYFRA21-1, CA724, and NSE tests had not performed for the lymphoma patient; thus, this patient was excluded from this analysis. Abbreviation: FR+CTC, folate receptor-positive circulating tumor cell; CA, carbohydrate antigen; CYFRA21-1, cytokeratin 19 fragment antigen; NSE, neuron-specific enolase; ROC, receiver operating characteristic. Abbreviations: TBIL, total bilirubin; DBIL, direct bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, γ-glutamyl transpeptidase; BUN, blood urea nitrogen; SCr, serum creatinine; BNP, B-type natriuretic peptide. confirm the clinical significance of this novel method, additional, larger studies are required.
Conclusion
In conclusion, FR+CTC showed a satisfactory overall performance in this exploratory study and could be used as a promising noninvasive diagnostic method for elderly cancer patients. Its high sensitivity makes it an effective tool to be applied in elderly cancer screening. Abbreviations: TBIL, total bilirubin; DBIL, direct bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; GGT, γ-glutamyl transpeptidase; BUN, blood urea nitrogen; SCr, serum creatinine; BNP, B-type natriuretic peptide.
